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@ HAMMNSDOFRFOME L LT, WK HEHEZ AN, “ANuclear Data Project on
Neutron Capture Cross Sections of Long-Lived Fission Products and Minor Actinides” & # L T,
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Too Flo, RFEEIE, Sn FNZARIZOWT ORI RMIEN S Sn-118 @qﬂ‘r%%’—%?i
HFEIZOWT, BREIToTZ, SN-118 ITHE SN TV D ILRB DO LS ) A3 7;%5%\&1@:%
72 BICRHEOHBNRFET H 2 Lws iz, & ﬁm{dsmit:]if di;Y
FIZRE DBV C b ivlc, T (EFHO—N) 13, BFMB RS ; S HE P ;
K OV 5 Pd-105,108 OHIEIZDWT, FFK&21T-o7-, Pd-107 KO:T‘ H :iéyh;i@ﬁ
HgN . RIIARMPICRIKT 5 Z & 2@s Lz, £72. Pd-108 O —ILmgAs | il o4
BIEL D, Fo /&N EERE L,

@ G. Savard 75, “a new facility for the production and study of neutron-rich isotopes” &\ 9
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A& LT, Californium Rare lon Breeder Upgrade (CARIBU) (Z2W Tk 5472,
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separator (2L V., B —AZHERLL T, ATLAS ~DORINMEEITH /2L, E—LAFEDO LA T
v RARENT (R1EBM), £72. 20 CALIBU & iz Cs 7 — v Vil E o
FERNRE SN (K22, i, B/EETH LI I T2 ATLAS @ Upgrade
WZOWTHER D o7 (R3S, B LWFEBRAS — /L0 Isgs Ok R O i 2 1 T

WAHEHThD,

3 ATLAS layout with on-going and planned upgrades.
(G. Savard x> %3 1 v Hiby)

@ R. Haight [CiZ. LANSCE (23513 28 LWWERICHOWT, RN, °Pu okt
R R 2 PENS O MR EZRIEST 2 2 L2 HIEIZL TS, LDZ & Th

Ao AL D
I, = R/LF—1 MeV
LI, 8X U5 MeV LA
FofEgT, 7%
BVEVAREWNT L
WD, WIERSEE &
LT, 0.1~1MeV DOFF
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4 #pu(n,f) PENS D55 — 4 . (R. Haight kO Fs % L 0 Hikr)
235 3Lk« P. Talou et al., Physical Review C83, 064612 (2011).



PFENS JHIZE D 7= 1238 LW sk 2. LANSCE (23 L7- (R 52 M), % 100mg ® ®Pu
0B % YE(iE L. Parallel-Plate Avalanche Counter (PPAC) . fii:+#Hi2% (54 Liq. Scintillators
%> 20 Li-glass scintillators) ®#f<>. ORNL 7> 5 *Cf fission chamber % 5 & iA A Tl &
R EEEDTND LD L THD,

XI5 Anew facility at LANSCE for measuring PFNS.
(R. Haight Fc D385 X v Hoky)

BHIZ K6 DX 9 IZ LANSCE THUEHED 5TV D FEBRIZHOWTIBIML Tl 57z,

* Important for
interrogation applications

= LANSCE neutron source
& flight path
« PPAC (LLNL)

* University of Michigan
EJ309 liguid scintillators
- SLi-glass scintillators
DAQ
— Faculty, students &
2,  postdocs

X 6 Another on-going experiment at LANSCE: Energy-Angle

correlations of fission neutrons (R. Haight F D %83 & v #iky)



@ IRMM @ P. Schillebeeckx Fti%, “Evaluation of neutron cross section data at GELINA” & A
L T, GELINA TZffi L T & T2 IBFEIR O T — Z MITEF L O O Activities (2>
WTHREIN, BUfE, L LT Cd, W, Au% LT AmM {Z2W\ T, ENDF-6 E#X T
T8 T 7 ANEARR LI EDZ ETh D, FEROFT, KA 2 Am(n,y) SUST RS % 151
T, ZORRNTRINTE (BT LR8BS,

2ALAM O BN - R T R OO A B & LT, 74935 b, Westcott ¢ g-factor g=1.00 %
W LTz, BIfE, JENDL-4.0 OFHIfE L Y 9%IF EREpfliL /oo Tnd, Ak, TH
DT AN E DAL DML BbiLd,

7 *Am(ny): FEBEE R L REFIT 12 & % Fitting #5 5,
(P. Schillebeeckx [ D35 L 0 HkFy)

X8 FfiT—# & DE#E, (P Schillebeeckx [ % L v Hoky)



® ORNL o L. Leal JCI, Quantity ~ ANR  ENDF/B-VILI JEFF3.1.1  NEW

“23%py  Resonance Evaluation (JEFF3.1) (ORNLICEA)
for Thermal Benchmark System a, 269329 e 2 e
_ ) . 748.1 +20 74765 747.08 747.19
Calculations™ & & L T . o 10553 +00013 10544 10495 10516
SAMMY = — K % fil W T . 10770400030 1.0784 1.0750 10771
. <o L 2879 +0.006 2873 2873 2873
Pu OGN T A — 4 % 7 180 + 20 181.44 181.50 180.09
Reich-Moore AT IZ T FHEMT i 303+ 10 302.60 303.58 309.09
117725 1166.62 1156.35 116130
L. B9 ITRTHERAZRE S x
nr- ANR: Atlas of Neutron Resonance
—o

A Mt | Tatnetl
oo e ot sy o—

NDF =281 5 3me %  [X 9 Thermal values and integral quantities calculated
FRA—2T. LTFOT7 FL & with SAMMY. (L. Leal Fk»F&3 L v Hokr)
MBFIHTE %,

Working Party on International Nuclear Data Evaluation Co-operation (WPEC) Subgroup34

“Coordinated evaluation of ?*°Pu in the resonance region”

http://www.oecd-nea.org/science/wpec/sq34/

F7-. WPEC/SG34 %, 2013 4ERE TIZ, H LW °Puliirifi 7 4 75 V) —% U U — 2
ATEELEDZ L ThHD,

@ E. Blain [i%, “Measurement of Fission Neutron Spectrum and Multiplicity using a Double
Time-of-Flight Setup” & B L T, PFNS D FEFRILE & & 612 & O llER R A2 TR L,
10 {Z Double Time-of-Flight & 2Bk Setup % 7~7,
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f# L 7= Digital Data Acquisition OBEEL % LI F OIE HIZH#ED 5,

+ PCI Chasis Extention

4 Acqiris AP240 DAQ boards (2 channels per board)
+ Computer controlled power supply

Chassis-SY3527

Board-A1733N
+ 1 G Sample/sec acquisition rate giving 1ns timing resolution

« 125k events/sec acquisition rate

Gamma Tagging Method T, ?Cf ® PFNS %, %% - keV~7 MeV DfElk T, IEMEIZEH T
oz bimLiz (K1), @B —fEloA~7 by (FK) 1%, E-301 ik
UF L— & TRIEEITV, T FR/LX —fFlk 0.6 MeV~7 MeV T, ENDF/B-VII & B< —%
LTWDZEBmnd, £lo, Rz AF—g@ED 27 b (AX) X, 0.5"E)-204
TFIGAF 7 F L—EF TRIEAEITV, Lajtai @ data & Y ENDF 27 & B < —E LT
W5, ZOEIIT, T T AFy ZiEtERE VD Z LT, PENS % 50 keV £ T
TRV —EIE CHETE D 2 Exb bz,
LS%OFEE LT, PBUIzxt LT fission spectrum 2 HIET 25 L D= & Th 5,

11 *°2Cf Prompt Fission Neutron Spectrum: High Energy (%£[X]). Low Energy (451X
(E. Blain K383 1 0 Hi#y)

@ E. Chiaveri X%, “The CERN n_TOF facility: neutron beam performances for cross section
measurements” & B L, fliak OEEE 2 563K S 7o, n_TOF fiigk (X, & FEIC BB X i)



LNTETEY, FTioEEEZZE T b,
1. New lead spallation target [2008/9] (IX] 12 &)
Extended operation of n_TOF
2. Improved cooling and ventilation system [2009]
Optimization of heat dissipation and water chemistry
3. Separated moderator system: °B water as moderator [2010] (1 13 &fR)

Reduction of the in-beam y-rays by factor of 10x
4. Transformation of the EAR | in a type-A laboratory [2010]
No need for certified sealing for radioactive samples
5. Extended memory of flash-ADC digitizers [2011]
n, y measurements with CgDg down to thermal energies (25.3 meV)

6. Experimental Area 2 Project [2012-2014] (X 14 & [#)

» Spallation target is now enclosed in a new
pressurized vessel

» Pure lead 99.99% monolithic

» Support and anti-creep structure in AW5083 HI ||

+ Uncladded design

» Water chemistry continuously monitored

» Wiater jet flow on the proton entrance surface to
maintain local temperature less than boiling point

N“'“’""‘"'qu& 500 mum I»

-

Xl 12 n_TOF new spallation target. (E. Chiaveri Fxo>F&% L 0 H#¥p)

» Main goal is to reduce the in-beam y-ray background from

H(n.y) > 2.2 MeV '
» Increased capture in '°B rather than 'H, by operating in saturated

conditions (1.3% in H;BO;)
Improvement of neutron-induced capture reaction with C,D, liquid

scintillator

WATER (lemj  MODERATOR (4 cm)
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13 Borated water system moderator. (E. Chiaveri F %38 & 0 #2474



[X] 14 n_TOF Experimental Area 2 Project. (E. Chiaveri Fe %% L 0 $i8)

Experimental Area 2 (EAR-2)D F72F 5%, RO K H 12T b,

+ Neutron fluence is on average increased by a factor of 25
+ Very small mass samples (<1mg) could be measured

+ Very small cross-section

+ Much shorter time scale measurement

+ Running in parallel with Experimental Area |

Z D EAR-2 Jiigk THREZRMIE & LT, U FOfl 2 HivT-,

- Capture CsDg(TAC) + Fission tagging “*®*Pu, *°Pu, **Cm, **Cm
» Fission PPAC #°U, #'Pa
- Capture (and fission) cross-sections of the fissile *°Cm

- Cross-section and angular distribution of fragments from 2U(nf)
F 7. EAR-2 T, K 15 (27”9 KL 9 (T Target 7> 5 1.5m B 7= (7 & T basket” % (& 54 =

Lk v, pEFIRES (10 neutron/pulse) AAFIEEIC/2 D LD Th D, EAR2DLA T
h & 16 ([~ T,



X 15 EAR-2 for Neutron Irradiation. (E. Chiaveri e %3 L 1 o)

16 Layout of EAR-2. (E. Chiaveri KD¥# X b Hkp)

E. Chiaveri KO jifia% OHFEFLIHIZHV T, n_TOF TORIEMN Fred L 912 6 s &
. 2BfHE Oty a UM ThIZ,
O D. Cano Ott X : “Measurement of the Neutron Capture Cross Section of the Fissile Isotope
%5y with the CERN n_TOF Total Absorption Calorimeter and a Fission Tagging Based on

Micromegas Detectors”



O F. Mingrone EX : “Measurement of the *®U Radiative Capture Cross Section with C¢Ds at the

n_TOF CERN Facility”

O A. Tsinganis X : “Measurement of the 2> #*?Pu(n,f) Cross Section at the CERN n_TOF
Facility

O F. Belloni & : “A Micromegas Detector for Neutron Beam Imaging at the n_TOF Facility at
CERN”

O E. Mendoza Cembranos £ : “Measurement of the *)Am and the **Am Neutron Capture
Cross Sections at the n_TOF Facility at CERN”

O D. Tarrio X : “Fission Fragment Angular Distribution for ?*Th(n,f) at the CERN n_TOF

Facility”

ZhBHDRFED S L, E. Mendoza Cembranos FASH 3 K 4172 2L Am o M- 4 7 i i )
FIZHOWTH L TEE0, *Am 3k 32.23+0.19mg, £ 12.25mm % Al 7 7 & /LiC
HALZbOEMHAL T e, B iEkOREFHREZR 17 12577,

A F T 250 eV F TOT RV X—HiPH T 218~238 {H D3, n_TOF Tl 248 {E S
Stz b, i, OEEEGEE 250 eV £ TRA TH 7D, 4006V £ TT X
VX —FEIR A LR T D 2 LN TE, ZHUT LD 250 eV~400 eV OFiFH T 105 fHOH LU
FWERH L7z L OWMENH T, TZBIEED TV LEPLEOZ L ThD,
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(E. Mendoza Cembranos K D33 I v $55L)

@ D. Williams £ : “A New Measurement of the Neutron Capture Cross Section of 2°U Below 5
keV” &L CREB D72, keV BHIKICIT 5 2°U O Pk IR T — 2 13, JR 4R



DRI EY 52 5, L L7235, JENDL-4.0 & ENDF/B-VII.L1 DT —# 7 7 A /LH
T, 0.5~25keV O T 30%IC K SEVEWRHDL LD L,
ORensselaer Gaerttner LINAC Center (22T
- Started operation in 1961
+ LINAC 60-MeV electrons
+ Pulsed width from 5 ns to 5 us
+ Neutron production by (y,n) reaction in Ta ~4x10™ neutrons/sec (isotropic)
+ TOF method
+ Flight path lengths ranging from 15m to 250m

« Capture detector deployed at 25m experimental station

ORPI TOF Capabilities (Z->\ T

+ High energy (0.4~20MeV)
Scattering (30m flight path)
Transmission (250m flight path)

+ Resonance Region
Capture (0.01eV~10keV)
Transmission (0.001eV~50keV)
Capture to fission ratio (alpha)

« High accuracy Filtered (2~905keV)
Iron, Uranium

+ Prompt Fission Neutron Measurements

+ Lead Slowing Down Spectrometer (LSDS)

OExperimental Conditions (Z-2V T

) Pulse ) Neutron Pulse Rate
Experiment Target ) Overlap Filter
Width (us) Energy(eV) (pulses/sec)
Enhanced
Thermal 0.5 None 0.01<En<40 25
Thermal Target
Ep-thermal Bare Bounce 0.015 Boron Carbide 10<En<10000 225

Thermal Experiment.\Z- D\ C, & SRz, K18 1277,




X 18 Thermal measurement of 2°U neutron cross sections.
(D. Williams K D%3 L v L)

@ J.L. Ullmann 5 (Mosby FAREE T3 2) © “Neutron Capture Cross Sections and Gamma
Emission Spectra from Neutron Capture on 2** 2% 28y measured with DANCE” & 8 L TH#
NdH-o7-, HIEILZ. DANCE (Detector for Advanced Neutron Capture Experiments) % Fu»
Tirbiiz, UMy FISEERIC OV T, M EER 19 IR LThH D,

19  #8U(n,y) neutron capture cross section from 1 keV~10 keV (%£X)) |
10 keV~600 keV (A X)) . (J.L. Ullmann D F&# & 0 Hpe)

@ K.H. Gauber K : “Neutron Induced Cross Section Measurements of Calcium” & 8 L T, 3§
#13 & >7-, GELINA Time-of Flight Facility (20 /) (2T, Ca D&WrmEfE, LOH
P - F 78 B T T FE OO R E FEBR AN T AT,



« Pulsed white neutron source

(10meV<En<20MeV)
Pulse width : lnsec
Frequency . 40Hz - 800Hz

Average Current :  4.7uA - 75pA
Neuron intensity :  1.6x10™ — 2.5x10™ n/s

+ Transmission measurements
Low energy: °Li(n,t)o Li-glass
High energy: H(n,n)H Plastic scintillator

+ Capture Cross-Section measurements

CeDs Lig. Scintillators
Flux measure. “’B(n,). “*U(n/f) K120 GELINA Time-of Flight Facility.
(K.H. Gauber X D383 L 0 Hky)
natural Ca DI EIZ DN T, AW s ik 5
2B 20 (2. HME T SO BT R ORGSR & 21 1T T, ARG L (ny) KT
Transmission 7 —# %X, ENDF/B-VII.1 3Fffi & tLi L C, W HDHZ & EZR LTV D,
EWORKE LT, HBOFREDRY TholobZEx Hid,

T Ca Transmission e R T e
ENDF 0.2 I '7(n-T)M =
T —— ENDF Data.
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[X] 21 Natural Calcium (n,y) compared to ENDF:

X 20 Natural Calcium Transmission Compared to
(K.H. Gauber EXD¥£ X 0 k)

ENDF/B-VII: Detailed View  (K.H. Gauber Kz D33 L 0 $58Y) Detailed View

N

(M)EIGT — 212k LT, ARG bz T — & & i LT ENDF/B-VII 1213, 35 LV iE
WRBHD T ENYND,



@ C. Guerrero X : “Investigation of Neutron-Induced Reactions at n_TOF: Overview of the
2009-2012 Experimental Program” & B L T, BIfEE TOEBRT v 77 A2 MBI L 723 EK T
&Ho>7=, n_TOF 1%, 2001 4E X v i#H#x X 41, 2008 4= Lead Spallation Target 72 & @ Upgrade
ZRE T, (). (., (No)E72 EZFHRTETHY | BUEE TIZ, FERISHIE 40 14,
Koy Z8E 15 & 1TV BUE 17 40 PhD FAEEZH LT\ 5 Z e @i Shiz, k&
IR E, BRoALETTNWDZ LR ghoTl,

Fo. LW E— AT A L LT, 20-m flight path %, 2014 41285425 T &
LBz, ERMPLUTOL I ITREI NI,

©2014~2016 £F[#] D FEERIRZF @20-m Flight Path
+ Cross sections and prompt y-ray emission of fissile Pu isotopes

f ®pu and ?Cm in the management of nuclear waste: simultaneous

« The role o
measurements of their capture and fission cross sections

+ Measurements of (n, xn) reaction cross sections for heavy target nuclei

- Fission cross section of the 2°Th(n,f) reaction

- First measurement of the capture (and fission) cross sections of the fissile °Cm

- Cross section and angular distribution of fragments from neutron-induced fission of 32U

- Measurement of the Mg (n,a))?Ne cross section

- Neutron capture measurement of the s-process branching point "°Se

- Destruction of the cosmic g-ray emitter Al by neutron induced reactions

- Measurement of 'Be(n,p)’Li and ‘Be(n,a)’He cross sections for the cosmological Li
problem

- se, Ypm, Tm and ®*TI samples (s-process branching points) are being produced at
ILL (Grenable, France)

Guerrero FDIEFRIZHI EHi X . n_TOF BIE D TR E 23 5 e = | 2 KEfRg9IZ e St v
varyiMrbhiz, ZHICEVETHEO Chiaveri KED—HEO® v a vt EbET,
n_TOF collaboration (X2 &~ a &M H LT, HEORKE I Activities &3k 4 12515
LD Z & Lorz, n_TOFBEDHIES i, U FORNED LD TH -7z,

@ K. Fraval [X: “Analysis of *!Am(n,y) Cross Section with CgDg Detectors at the n_TOF
facility (CERN) "L THEEIT- T,

2Am B Eekkl. Am OB 32.2 mg. FUARERD 3 GBq. EL£S 12.26 mm &, [E£E 20 mm
D Al = IZE A LTz, Bicron i CeDg it Hi#i 2 HV N, DR DO BUEAIZI TR = AL
%, B 72T AR O BUASLIZIZ, Au @ 4.9-eV HEIB A V-, BIEIX, 0.025 eV D



150 keV F TF7\>, SAMMY R-matrix code Z VT, 300 eV £ TOIIBMENT 217> T\
oo (®22 2HR) 7=, BARMEhENmiE & LT, 752276 b Z#HiE L7,

322 LAm(n,y)EriE S OREF, (K. Fraval Ko%# 0 Hok)

@ S. Moshy £ : “Neutron Capture Cross Section of *°Pu” & jE L THRF 41T > 7=,
kL LT, Thin target (Img *°Pu) & Thick target (50 mg 2°Pu) % FHV N THEBR 24T > TW
72, Thintarget DHEITONT, B23 O X 5 ITEER R &2 Wt Sz,

23 1mg Sample (**°Pu) Preliminary Result. (S. Mosby Ex %% & 0 $i8)

@ T. Wright I : “High-precision measurement of the 2*®U(n,y) cross section with the Total
Absorption Calorimeter (TAC) at n_TOF, CERN" L B L T, 2U DI EICHOWTRENRH -
7= (K24 2M),



1g"*| —— Beamoff NO sample

il
1 10 10° ']-’ ﬂ'm

o3 aaal

24 BBYBIETH ALY ~L : accumulated statistics
(T. Wright XD 3835 1 0 Hiky)

@ M. Barbagallo X : “Results on the **U Neutron Cross Section from the n_TOF facility” &
LTRERD 72, U OWHEIL, BWF IOV T RBENMELNTVDA, &
BESC ThIU REH A 7 L D H-S < MRERBREY & 2 7 ATkt L TR, KO RERLELE O
Z&T, (ny)SIZONT 10%, (n,fEOE T 5%DAEE N ER STV 5,

238U o> fission cross section (ZOWTIE, BEICHH IR LI-LDZ L TH S,

(2% : R.Sarmento et al., Phys. Rev. C84, 044618 (2011).)

Capture cross section {Z- 2Tl thermal~1 MeV % T CeDg f& 25 THIE L, BifE, fiF
MraiT-> T b,

@ C. Massimi X : “New Measurement of the ’Mg(n,y) Reaction Cross Section” & /& L TH#
Sz, s-process (ZHUVN T, PFe O FHEFHMER IS & AT D Mg [RIRZE (> ®Mg)
HYE IR O N EEIC R 2 L L REERICE T 2 EERPHEIR & 225 Kk
2Ne(a,N)® Mg D SRR A HEEE 1 < F1% 72912 Mg IREED FOIEHRALBLL D = &,

% Z T, ®Mg @ enriched metal sample (97.86%, 3.94g)% M & L T, MIEZ1TV K 25 O
FOITEER R 2 wE ST,

ARIEROHFEAC LD L, RFFICE T H 2012 FOEBRIZEEL T, ORNL @ Paul E.
Koehler FC/3— 5 % H L Tk v | Koehler KX BLFE, Department of Physics, University of
Oslo, N-0316 Oslo, Norway (Zf Hiv7=% 9 TH D,



Capture yield

Neutron energy  (keV)

X 25  PMg(n,y)h W i Fs o0 B s B
(C. Massimi Ex D3 L 0 $hkky)

@ A. Plompen X : “Minor Actinides, Major Challenges” & B L C, 7 — X HZEicB1T 5
F v Lo VHA AT T, UK 5 EER ) O MBI OWTRRR Do T2,
BEH, EBRIZx 5% %2 & LT, RP. Feynman O L% 207 TW =D NEIRITH -
7
“It doesn’t matter how beautiful your theory is, it doesn’t matter how
smart you are. If it doesn’t agree with experiment, it’s wrong.”
HEETIE, LT XS IZF v L VHANET b,
OQuantitatively : FRzZ=DRIE
« Fission cross sections (2% for MA)
« Fissile nuclides capture cross sections (5% or better)
- Scattering cross sections (2 — 5%) and angular distributions (***U, *°Fe, **Na)
O (REMIcKkITR) &orDRE :
+ Prompt fission gammas
+ Neutron spectra and angular distributions
« Capture of the main fissile nuclides
+ (In)elastic scattering of U-238
OINHLDOF % L VICEY fie T ® OEHTBHZ
« Emphasis on high quality, accurate experiments
+ Experiments to improve nuclear models
+ New detectors and data-acquisition
+ New analysis methods

+ New neutron sources
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OMANREAD : Minor actinide nuclear reaction data
IAEA-NDS Coordinator: N. Ohtsuka
MA O FERZFHE L, §HEENS DT 4 — RNy 7 2%0F . £ Ly MA EZBRO &
WAHEE L. £ L TWPECSG-26 X° HPRL, file 7'm =2 | LT 5,
OANDES : Accurate nuclear data for nuclear energy sustainability
Coordinator : Enrique Gonzalez
Measurements, evaluation, validation
OERINDA : European research infrastructures for nuclear data applications
Coordinator : Arnd Junghans
Transnational access to facilities
Obijectives : waste transmutation and Gen-1V
OEUFRAT : European facility for innovative reactor and transmutation neutron data
Coordinator : Wim Mondelaers
Transnational access to GEKLINA & VdG
Obijectives : waste transmutation and Gen-1V, nuclear safety, methods
(OCHANDA : Challenges in nuclear data for the safety of European nuclear facilities
Coordinator : Enrique Gonzalez

Infrastructure coord. & development
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